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Abstract 
          Constructed wetland is a low energy treatment system. It is 
an interesting alternative for domestic wastewater. Itps removal 
efficiency almost the same as conventional system. The objective 
of this research was to combine Free Water Surface Flow 
Constructed Wetland (FWS) with Subsurface Flow Constructed 
Wetland (SF) in one pond to enhance removal efficiency in order 
to reduce energy requirement. Therefore, the removal efficiency 
and order priority of FWS-SF and SF-FWS combined system 
were evaluated.  In addition, the energy requirement of combined 
system were investigated and compared with Activated sludge 
system. The results indicated that the removal efficiency in 
organic matter, suspended solid, nitrogen and phosphorus of 
combined system is equal to that of each single system. 
Although, itps the hydraulic retention time is only a half. The result 
also showed that the order of FWS and SF in a combined system 
was not significantly different in term of removal efficiency. From 
this research, the energy requirement of combined system was 
less than 4 times as compared to that of Activated sludge 
system. 
 
1.  
`e)),,,,2,*2(`1'*	(,
eu`1( 2`1`1)`,2,*(d+
)2	 	`*d]*2

,, '*v*k )))d
``,
	-	1  )f2`1(`1)`	,	2((d 
[4] ,,2*
]^3)f_(`)(2,,,
,2,*2( )_,,`1aab1 (	
`u`1`d(
+3   _,,
(
/
c`,2,*2(`1,,,`1	`e)), 
_,,+*2
],, [7, 13]   
*
(
/
c`,2,*2(,,2
*
]^3 2`12*
]^3_,
,2,*2(
f ``1 -c
2
),,   
2*
]^3_,, ,,,,2 
/+
  '*2		)
3 +	 
 [6]  2*
]^3(m)2*1_ 2 c
 2*
]^3,,gg
	 (Free Water Surface 
Flow Constructed Wetland; FWS) 2*
]^3,,
`+1g
	+	 (Subsurface Flow Constructed Wetland; SF) 
2*
]^3,, FWS _,,2(gg
	1*

+	 2()(g(,'*+))flf(d
ENETT49-144 
 '*`12(1,,1 { g+1 
,2,*2(,,)++'* 
((
3'*)
3`1l
)g2`1 
BOD * [8] (	2*
]^3,, SF _,,2(
g`+	lf2fd +	`1_	
,* 
	* *

*+ { lf+	)
*`*
*f
`1	*1 [2]  2(g1,,)md,2,*	(g(
g
	+	lf)
3d '*(	
(
3)++c`+	 (	(*1)md*d*
l,g
	+	 (
*'*)
3`1
l
)`1l
) )/+`2()*
)*d*lf  2*
]^3 2 ,,
1*-1(`,2,*2(++ '*,, FWS )
(
/
c(d`,2,*(
3 k	 (	
,, SF )(
/
c(d`,2,*'+) a(a( 
'+{ [12] *m122*
]^3 2 ,,
		1c`,*	 )
(
/
c`,2,*2(
  *1*
f  `f]	
))2f](
/
c
,2,*2(2*
]^3,,	 ,, FWS - SF  
,, SF- FWS  f]d,,)*2*,-(
2*
]^3,,	 21d*1	
3`1
_1d^``1,,,2,*2(+1
+2`1(2,	 
 
2. :;<;	:;= 
    '*(1,,)22*
]^3,,	,
	-,,
,2,*2(	c,,,gf (Oxidation Pond) `a3
	
''( . ).(     ,,)2
`1`f])2	 2 , lf]-*+ , 1 (2,
2*
]^3,,gg
	  `+1g
	+	 (Free 
Water Surface Flow  Subsurface Flow Constructed Wetland; FWS 
-SF) '*`,),_ 2 (	 *(*`d 1 (	
,,)2)_,, FWS '*2
g++^
* ¾ 
	 *
 `(`,,)2`1*,	(d 
0.1  0.3 + +2*, '*+(		, 0.47 
,,`1,,(2( `(	,_,, SF 
'*2
g++^* 1 
	 `(`,,)2 lfd
,
	-	+1 	1,,)2(	 '*		1

, 0.1 + (	,
	-2d`(*

g(	* lf+(		, 0.53 '**,	
(d
 *
, 0.7 +  `, 2 (2,
2*
]^3,,`+1g
	+	  gg
	 (Subsurface 
Flow  Free Water Surface Flow Constructed Wetland; SF 
FWS) '*(	))*_,, SF (	)*_,, 
FWS *(*`d 2 
0.1 m
0.3 m
0.25 m
0.15 m
1.5 m
0.7 m
0.65 m
0.1 m 0.1 m
1.5 m
	




 + 
 3/4"
 1"  1"
 
 
d 1 ,,)22*
]^3,, FWS-SF 
 




	
 + 
 3/4"
 1"  1"
0.8 m
0.7 m
0.65 m
0.1 m
1.5 m
0.1 m
1.5 m
0.25 m
0.3 m
0.1 m
 
 d 2 ,,)22*
]^3,, SF-FWS 
 
>	 
2.1 	 `1`f]	
)   
(Cyperus alternifolius L.) '*2*	(d- 
0.50 + 1	2d`,,)2'*	+1
, 0.15 + 	, 45 +1/+..  '*
	
	`1+	`,,)2
*- 23 
(*3  +1_	+(
] (m,+	1
,]-(,+
2(*1* '(1+1_
(1`( )fg1``1
*)
(
3,(d2(f [2]*)f,
2`1_(2,2*
]^3 
 2.2 :5

	?@	A:;= _2(1,,
,2,*2(	
''( . ).( 
_2(	,	)f] , 
+ { 2(*	)	2(),m ,
 2()1
,+
+ { ]-(,+
2(
1,,,2,*(*`+ 1 )k*1	]-(,+
2(
	
''()	11(+{(m
_+	*k  
 
 
ENETT49-144 
+ 1 ]-(,+
2( 
]-(,+
 	 	  v n 
COD mg/l 35-92 64.0 15 
BOD mg/l 3-18 8.2 15 
TKN mg/l 8-36 20.0 15 
TP mg/l 7-21 13.9 15 
TSS mg/l 3-8 5.8 15 
 
2.3 	;C )
		,,- 1 
(*3 )f
2(1(d,,)2 '*2()1
,,)2,,+   (	
**12
+*+1`1*	(d, 0.50 + `1
)
u+
,'+f` ))f2f](
/
c
,2,*(+ { )2(2*
]^3,, FWS-SF 
,, SF-FWS +c,(
3 (Organic Loading 
Rate, ORL) 5.1, 9.1  12.2 
' ,'*/ (+3/	) 
+2*,  
 
2.4 		E:5 
    k,+	2 '*k,+	21 - 2
*
]^3,,+ { 2+	)	
3 COD (Chemical 
Oxygen Demand), BOD (Biochemical Oxygen Demand), TKN 
(Total Kjeldahl Nitrogen) k	 a(a( 
22	-(
/
c,2,*2(`+
+3
2*
]^3(,,  
 
2.5 	:;4CGH>I  
2.5.1 21d(
/
c,2,*2(2*
]^3
2	
3		*1		
/ One-way ANOVA *1	
'(2k)d SPSS 	3 11.0  
2.5.2  21d,,`1aab`+,,
,2,* 
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: 
       )f],	v(
/
c,2,*(
3`
d COD  BOD 2*
]^3,, FWS-SF ,, 
SF-FWS (d(*d`	1 73.9-78.9 +c,
(
3, 5.1 . ,'*/(+3.	) )*
+c,(
3
f_ 9.1  12.2 . ,'*/
(+3.	) +2*, (*(*`d 3  4) )k*1	
+c,(
3, 5.1 . ,'*/(+3.	) _
+c,(
3(,, lf+,
f] Brix [5] ,	+c,(
3(
)g+(
/
c2(
3`1'3)
3  
lfg*	)+1,(
/
c,2,*a(a(
2*
]^3,, FWS-SF ,, SF-FWS lf)
(df 
+c,(
3
f lf)f] Lin et 
al [10] ,	+2)*a(a()	(/3,+c
,( '*)
f)mf(d(* ))+`
2)* (	(
/
c2)*k	
2*
]^3,, FWS-SF ,, SF-FWS )*+
c,(
3
f   
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d 3 (
/
c,2,*2('*2*
]^3,, 
FWS-SF +c,(
3 5.1, 9.1 12.2 . ,'*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d 4 (
/
c,2,*2('*2*
]^3,, 
SF-FWS +c,(
3 5.1, 9.1 12.2 . ,'* 
/ (+3.	) 
 
    (	(
/
c,2,*'+),,,, FWS-SF 
,, SF-FWS (d(*+c,(
3, 9.1 
. ,'*/(+3.	) ,1 52.0  61.9 +2*, 
+c(+3, 0.23 ,../	 lf)*_+
(+,2,*'+)f] Knight et al [9] 
,	e))g+(
/
c2)*'+)*1 +
c(+3 (	e)){g+(
/
c2)*
'+)`f])md	,`1d`	`1(
,, *1 -cd
2 	_*-*  
-
l
)2 _+1  
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 SF) 
    )+ 2 2g(
/
c,2,*2(+
c,(
3, 5.1 . ,'*/(+3.	) 
2*
]^3,,	 FWS-SF (1), ,, SF-FWS (2) ,,*	 
FWS (3), ,, SF (4) lfg(
/
c,2,*2(,,
*	)`1gf])(1
 [8] lf2f]
,,(
/
c,2,*2(2*
]^3
,,*	,, FWS ,, SF +c,(
3
, 5.2 . ,'*/(+3.	) '*2(1,,,2,*_
2(lf*	,2(`1`f] 2g
(
/
c,2,*2((,,,, 
,	(
/
c,2,*(
3`d COD  BOD 
2*
]^3,,	(,,d`	1 73.9-78.9 
(d	,,*	lfd`	1 63.7-75.9 k1 

)-	k,,,,,	)1	,,
*	mf 2  (	(
/
c,2,*k	 
'+) a(a( 2*
]^3,,	d`	
1 28.8-63.7, 44.1-50.4  40.5-53.3 +2*,  -
(
/
c,2,*2*
]^3,,*	d`	1
 62.5-68.3, 68.5-75.7  51.0-96.3 +2*, )k*1	
(
/
c2*
]^3,,	,,*	)
`1 +2*
]^3,,	)	k,1
	,,*	mf 2  *m1	k, 
2*
]^3,,		'1)
(
/
c`,2,*2
(*1(d	,,*	 
 
+ 2  (
/
c,2,*2(2*
]^3,, 
FWS-SF  ,, SF-FWS  
 
(
/
c,2,*2((%) ,, OLR 
(5) 
HRT 
(6) COD BOD TSS TKN TP 
5.1 4.0 78.7 73.9 63.7 44.1 53.3 
9.1 4.6 67.4 69.1 31.7 52.0 60.0 
FWS-SF 
(1) 
12.2 5.8 58.3 34.9 33.3 43.9 72.2 
5.1 4.0 78.9 73.9 28.8 50.4 40.5 
9.1 4.6 65.4 66.6 23.6 61.9 56.9 
SF-FWS 
(2) 
12.2 5.8 33.3 31.0 24.1 23.7 67.1 
FWS(3) 5.2 10.0 64.1 75.9 62.5 68.5 51.0 
SF(4) 5.2 10.0 63.7 74.4 68.3 75.7 96.3 
(1)  (2) g)* 
(3) (4)  ; (1
 [8]      
 (5)ORL; Organic Loading Rate, +c,(
3  
            (.,'*/+3/	)  
(6)HRT; Hydraulic Retention Time, 	k, (	)  
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    )g**(*`+ 2 ,	+c,
(
3,,2*
]^3,, FWS-SF 
(
/
c`,2,*(
3`d COD, BOD, k
	 a(a((d	2*
]^3,, SF-FWS 
k1 (	(
/
c,2,*'+)2
*
]^3,, SF-FWS )(d	,, FWS-SF k1 
2	
31d(m
+
,		++(2u
(m
+
*,	 95 3lk+3 (p ≤ 0.05) *d,,
)*2*,-2*
]^3g+(
/
c
,2,*2( 
  
3.4 	L	
TUUV
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 
    )1d,,`aab*(*`+ 3 )k*1
,,((AS, Activated Sludge Treatment) lf_,,,2,*2
(`1	`,2,*2()(aab, 0.67 
bath/ kg BOD lf	aab,,2*
]^3,,
	 ,, FWS-SF lf(aab, 0.14 bath/ kg BOD 
- 4  
 
+ 3 ,,aab`1`,,(  ,,
2*
]^3,, FWS-SF     
 ,,( ,,FWS-SF 
Removal efficiency (%) 80-90(1) 70(2) 
BOD removal rate  
(kg BOD/m3/day) 
0.08-0.09(3) 0.07(3) 
aab (bath/m3/day) 0.67(4) 0.14(4) 
aab (bath/ kg BOD) 7.44-8.38(5) 2.0(5) 
(1) (1
  [11] 
(2)  g*1)*`+ 2  
(3) *1)2+2	- '*(+
`1  
    +2(                                =     1   m3/day  
    	11`2(1,,,2,* BOD5 = 100    mg/l  
     Removal efficiency (,, 
(4)(1
  [14, 15] 
(5) *1)2aab BOD removal rate 2	- 
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